Abstract: Gastric cancer remains a lethal disease worldwide. Despite a recent increase in available systemic therapeutics, the prognosis of patients with advanced disease remains poor. A number of targeted therapies have been evaluated in gastric cancer, albeit with mixed results. Trastuzumab -the monoclonal antibody blocking HER2 -has contributed to improved survival for a minority of gastric cancer patients. Ramucirumab -a VEGF2 inhibitor -blocks the proliferation and migration of endothelial cells. The US Food and Drug Administration has recently approved ramucirumab (Cyramza) to treat patients with advanced or metastatic gastric cancer in the second-line setting following progression on fluoropyrimidine-or platinum-containing therapy. This approval was granted on the basis of the REGARD trial that demonstrated that patients treated with ramucirumab experienced a median overall survival of 5.2 months compared with 3.8 months in patients receiving placebo. Results from the RAINBOW randomized Phase III clinical trial have also shown improvements in overall survival for ramucirumab plus paclitaxel versus paclitaxel alone in patients previously treated for locally advanced or metastatic gastric cancer. In both studies, the most common adverse events reported were hypertension, diarrhea, and fatigue. Because of the encouraging advancement in novel targeted therapies, the future is looking brighter for patients with advanced gastric cancer. While this research is promising, further evaluation and identification of targets or population subsets that can be identified prospectively will likely help predict who will benefit most from these therapies.
Introduction
Gastric cancer is the second most common cause of cancer death globally. In 2014, it has been estimated there will be 22,240 cases diagnosed and 10,990 deaths from gastric cancer. Among the major types of malignancies, gastric cancer is the 14th most common in the US. 1 Though gastric cancer is more prevalent in countries such as Japan and the People's Republic of China, it remains an equally lethal disease regardless of ethnicity. Overall 5-year survival estimates range from 57% for early-stage disease to 4% for distant metastatic disease. Unfortunately, more than 80% of patients present with either locally advanced or metastatic disease. [2] [3] [4] Some risk factors for gastric cancer have been identified and include: Helicobacter pylori infection, chronic atrophic gastritis, diets low in fruits and vegetables and rich in salted, smoked, or preserved foods, cigarette smoking, and alcohol abuse, among others. 5 Treatment of gastric cancer is guided by the size and location of the tumor, as well as the stage of disease at diagnosis. For the group of patients who are diagnosed with 
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Cohen and wainberg early-stage disease, surgery by means of gastrectomy can be curative. For patients with locoregional disease, treatment usually involves a multidisciplinary approach using chemotherapy in conjunction with surgery. For the majority of patients diagnosed with advanced disease, combination chemotherapy has been the rule for the past two decades, with recent modest improvement in outcomes. In the firstline setting, combination chemotherapy produces response rates up to 54%; despite this, median survival remains a mere 9-10 months. 6, 7 Although various chemotherapeutic agents alone or in combination have been studied and continue to be explored, the main active drugs include 5-fluorouracil, cisplatin, oxaliplatin, irinotecan, docetaxel, and paclitaxel. Historically, patients whose cancer progresses following firstline therapy have a poor overall prognosis with median overall survival of 3.5 months with best supportive measures. 8 Until recently, research in gastric cancer has lagged behind that of other malignancies.
The concept of targeted therapy has only gained momentum in the treatment of advanced gastric cancer over the past 5 years. As is seen in breast cancers, amplification of the tyrosine kinase receptor HER2 has been found to be present in gastric cancer. 9 This cell surface receptor when bound to a ligand initiates a signal transduction cascade that leads toward proliferation, adhesion, migration, and differentiation. Historically, HER2-amplified gastric cancer has been felt to have a worse prognosis, with median survival averaging 5.5 months compared with 12.6 months in nonamplified patients. [10] [11] [12] In 2010, results from the ToGA trial demonstrated that the addition of trastuzumab (Herceptin) to chemotherapy improved survival by almost 3 months in patients with HER2-positive disease. Unfortunately, only 10%-15% of patients with advanced gastric cancer have HER2-positive disease. 13 
Targeting angiogenesis in cancer therapy
Abnormal angiogenesis is thought to be essential to a tumor's ability to grow and spread; therefore, antiangiogenic strategies have been exploited as possible cancer treatments. One of the main drivers of angiogenesis is the interaction between VEGF and its cell surface receptors ( Figure 1 ). Increased expression of VEGF in tumor and serum has been associated with poor prognosis in gastric cancer. [14] [15] [16] Bevacizumab is a humanized IgG1 monoclonal antibody against VEGF. It selectively binds to circulating VEGF, inhibiting its binding to the 
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Ramucirumab: hitting another target in gastric cancer corresponding receptors and hence inhibiting angiogenesis. Though results from Phase II trials with bevacizumab in gastric cancer seemed encouraging, the pivotal Phase III study failed to meet its primary endpoint of overall survival. 17, 18 In the AVAGAST study, investigators examined the efficacy of bevacizumab in over 700 patients with advanced gastric cancer who were randomized to capecitabine and cisplatin plus bevacizumab or capecitabine and cisplatin plus placebo. The median overall survival was 12.1 months with chemotherapy plus bevacizumab versus 10.1 months with chemotherapy plus placebo. Though not statistically significant, there appeared to be a trend toward improved survival in the bevacizumab arm. 18 Interestingly, in retrospective subset analysis, when divided into subgroups based upon geographical location, there was a considerable benefit in patients from Europe and the US but not in patients from Asia. 19 Similarly, the AVATAR study conducted in the People's Republic of China failed to improve outcomes in patients with advanced gastric cancer when bevacizumab was added to a capecitabine-cisplatin backbone. There was no difference in overall survival between the two arms and progression-free survival was similar. 20 Given a possible signal of activity in these trials, ramucirumab was investigated as an alternative antiangiogenic strategy. Ramucirumab is a fully human receptor targeted monoclonal antibody that blocks VEGFR-2 and inhibits downstream signaling in the pathway involved in the formation and maintenance of blood vessels that supply blood to tumors. The mechanism is distinct from that of bevacizumab in that it binds to the receptor directly, rather than with bevacizumab where it is binding to the ligand (VEGF-A).
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Ramucirumab
Preclinical evaluations of antibodies blocking various VEGF receptors were performed with DC-101, an antibody directed against murine VEGFR-2. 21 In these mouse models, inhibition of metastases was demonstrated. A number of Phase I studies of ramucirumab have been completed and established a maximum tolerated dose of 13 mg/kg weekly. Dose limiting toxicities included grade 3 hypertension and deep vein thrombosis. Efficacy results from these studies showed a signal for single-agent activity with responses seen in gastric cancer. 22 Because of the signal seen in gastric cancer, ramucirumab was tested in Phase II/III clinical trials focusing on advanced gastric cancer in the second-line setting.
ReGARD study
The pivotal REGARD study was published in October 2013 and its results led to the Food and Drug Administration granting priority review status to ramucirumab. The work by Fuchs et al showed ramucirumab to be the first biologic treatment given as a single agent to increase overall survival in patients with advanced gastric cancer who progress after front-line therapy. Their findings validate VEGF-2 signaling as an important target. This multinational Phase III double-blind study contained over 350 patients with advanced gastric cancer/gastroesophageal junction adenocarcinoma who were randomly assigned in a 2:1 ratio to receive best supportive care plus either ramucirumab 8 mg/kg or placebo once every 2 weeks intravenously. Median duration of treatment was 8 weeks in the ramucirumab group and 6 weeks in the placebo group. Patients treated with single-agent ramucirumab achieved a median overall survival of 5.2 months compared to 3.8 months for patients in the placebo arm (n=117) and the overall survival hazard ratio was 0.776 (P=0.0473). This corresponded to a 22% reduction in death rate (Table 1) . Patients in the ramucirumab arm achieved a median progression-free survival of 2.1 months compared to 1.3 months for those in the placebo arm. The progression-free survival hazard ratio was 0.483 (P,0.0001). Patients also appeared to tolerate the VEGFR-2 inhibitor very well; the most common (.5% incidence) grade .3 adverse events were hypertension and abdominal pain. 23 Though a numerical benefit of median survival of 22 days is modest, these results are equivalent to those seen with chemotherapy alone in the second line. For instance, COUGAR-02 -a second-line study which evaluated the benefit of docetaxel chemotherapy plus best supportive care versus best supportive care alone -showed an overall 
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Cohen and wainberg survival benefit of 1.6 months. In this study, over 150 patients were randomized in a 1:1 fashion to receive docetaxel at 75 mg/m 2 every 21 days plus best supportive care versus best supportive care alone. Patients who received docetaxel survived 5.2 months versus 3.6 months for best supportive care alone (HR 0.67; P=0.01). In addition to a 33% reduction in death, patients in the docetaxel arm reported less pain, nausea and vomiting, abdominal pain, and constipation. Neutropenia and fever were the main toxicities. 24 
RAiNBOw study
Given its efficacy and favorable side effect profile, studies were conducted adding ramucirumab to chemotherapy in hopes there would be synergism. According to the randomized Phase III RAINBOW study, the combination of ramucirumab and paclitaxel resulted in a significant prolongation in survival compared to single-agent paclitaxel for the second-line treatment of patients with metastatic gastric cancer. The study also showed that the response rate was increased with the combination. In addition, significant gains in quality of life for the combination of ramucirumab and paclitaxel over paclitaxel alone were demonstrated. 25 This trial set out to compare the safety and efficacy of paclitaxel with or without ramucirumab in patients with locally advanced gastric cancer of the stomach or gastroesophageal junction, refractory or progressed after first-line chemotherapy. Over 650 patients from 200 study centers in 30 countries were enrolled. Patients were randomized in a 1:1 fashion to receive ramucirumab plus paclitaxel (n=300) or placebo plus paclitaxel (n=355). The ramucirumab and paclitaxel combination achieved its primary endpoint of overall survival by .2 months when compared to paclitaxel alone. In addition, patients had a near doubling of the secondary endpoints: progression-free survival and overall response rate with the combination (Table 1 ). The most common adverse events (grade .3) occurring in the ramucirumab plus paclitaxel arm included neutropenia, leucopenia, hypertension, fatigue, and abdominal pain. Grade $3 neutropenia occurred in 40% of patients in the combination arm compared to 18.8% of patients in the paclitaxel alone arm. Though the incidence of neutropenia was greater in the combination arm, febrile neutropenia rates were relatively comparable to single-agent paclitaxel (3.1% versus 2.4%, respectively).
Conclusion
Ramucirumab is the first targeted agent to demonstrate single-agent activity in metastatic gastric cancer and it is also the first antiangiogenic therapy to show a survival benefit in this disease. Studies in several other settings are ongoing in metastatic gastric cancer. The success of ramucirumab in these recent studies is promising, but there remains a critical need to identify predictive molecular markers to select the patients who might benefit most from such targeted therapy.
A major challenge for antiangiogenic therapies is the lack of a robust biomarker that can guide selection of patients for whom the therapy is most likely to be beneficial. Attempts to do this for bevacizumab in colon and lung cancer have either been inconclusive or not validated. In the AVAGAST trial, high circulating VEGF-A levels and/or low neuropilin levels were associated with a benefit in post hoc analysis. 26 For ramucirumab, such targets have not been identified. To date, in both large pivotal studies, there have been no data presented that identifies whether the HER2-positive subgroup benefits in the same manner as the HER2-negative subgroup.
Recently, researchers from The Cancer Genome Atlas Network project have found that stomach cancers fall into four distinct molecular subtypes: Epstein-Barr virus positive, microsatellite instable, genomically stable, and those with alterations that suggest genomic instability. 27 Perhaps it is discoveries such as this that can help better determine which targeted therapies are appropriate for which types of cancer and each nationality.
